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ABSTRACT 

This report includes results of pre-RULISON structural response 

investigations and a preliminary evaluation of hazards associated 

with ground motion effects on buildings, reservoirs, and earth 

structures. Total damage repair costs from an engineering judg- 

ment prediction are provided. Spectral Matrix Method calcula- 

tions are now in progress. Also included are general safety 

recommendations. 

A summary of predictions follows: 

Structural Response 

Damaging motions are probable in the region inside 25 kilometers. 

Structural hazards exist in Grand Valley, at the Anvil Points 

Research Station, and at various small ranches out to a distance 

o f  14 ki lometers from Ground Zero (GZ) . The area is much more 

densely populated than would appear from initial project informa- 

tion. 

Earth Structure Hazards 

Rockfall and hazards to slope stability create major problems. 

Structures, highways, railroads and water courses may suffer 

extensive damage as a consequence. Snow slides may also be a 

problem if deep wet snow cover still persists at shot time. 

Reservoirs and Water Supplies 

The Harvey Gap dam above Silt presents a serious hazard because 

of its age and general disrepair. The reservoir is nearly full 

and will be spilling soon after thaws begin. The spillway over 

the dam crest and the outlet works are in extremely poor condi- 

tion. 



Local res idents  a re  very much concerned about any poss ib le  dam- 

age t o  l o c a l  water supp'l ies which a re  v i t a l  t o  the  h a b i t a b i l i t y '  

and l i v e l i h o o d  o f  those areas. . 

Damage Cost p r e d i c t  ion 

A p re l im ina ry  engineer ing judgment es t imate  o f  damage costs,  

based on cu r ren t  Environmental Research Corporat ion response 

spectra p red ic t i ons  t o t a l s  about $130,000. Resul ts  from the  

Spectra l  M a t r i x  Method p r e d i c t i o n  a re  being ca lcu la ted.  

Safe ty  Precautions and Evacuation Recommendations 

Area evacuation i s  recommended f o r  the  reg ion o u t  t o  8 k i l o -  

' meters from Ground Zero and f o r  Grand Va l ley .  Temporary evacua- 

t i o n  o f  the  A n v i l  Po in ts  Research Sta t ion ,  the Union Carbide 

p l a n t  eas t  o f  R i f l e ,  a t  small ranches out  t o  a d is tance o f  14 

k i lometers  from GZ, and selected s t ruc tu res  i n  R i f l e  and Co l lb ran 

i s  recommended. Evacuation o f  t he  TOSCO f a c i  1 i t y  i s  a l s o  recom- 

mended because o f  rock f a l l  hazard. P a r t i c u l a r  concern has been 

expressed f o r  t he  d e t e r i o r a t e d  Harvey Gap Dam and unless f u r t h e r  

study d isc loses otherwise,  recommendations f o r  downstream evacu- 

a t i o n  may be necessary, i nc lud ing  the  town o f  S i l t .  

Some sect ions o f  major roads and highways, and some creek v a l l e y s  

a re  suggested f o r  closure, as d e t a i l e d  i n  the  f o l l o w i n g  t e x t .  I t  

i s  f u r t h e r  suggested f o r  cons idera t ion  t h a t  t he  rock f a l l  and land- 

s l i d e  hazard cou ld  be reduced by reschedul ing the  event f o r  mid- 

summer, because o f  the  increased s t a b i l i t y  o f  slopes dur ing  the 

dry  e a r l y  summer months. 

JOHN 1. B L U h l t  k k S S U E l l l E S  R E S E A R C H  OlYlSlOll 



SUMMARY 

Th is  r e p o r t  presents a p r e l i m i n a r y  eva luat ion  o f  s t r u c t u r a l  re-  

sponse hazards and e a r t h  s t r u c t u r e  hazards associated w i t h  the  

RULISON e ~ e n t ' ~ r e s e n t l y '  scheduled f o r  l a t e  May 1969. The eva lu-  

a t i o n  i s  based on f i e l d  and o f f i c e  studies. i n  progress s ince  l a t e  

January o f  t h i s  year.. The r e p o r t  conta ins damage p r e d i c t i o n s  and.  

s a f e t y  recommendations, based on cu r ren t  Environmental Research 

Corporat ion p red ic t i ons  o f  peak ground motion and response spect ra  

( ~ i g .  1). 

An engineering judgment es t imate  o f  damage costs t o t a l s  $129,300 

based on the spectra r e f e r r e d  t o  above. 

Serious damage i s  p red ic ted  i n s i d e  8 k i lometers  o f  Ground Zero 

(GZ) and evacuation f o r  t he  du ra t i on  o f  the  shot pe r iod  i n  these 

areas i s  recommended. Temporary evacuation i s  recommended f o r  

Grand Val ley, small ranches o u t  t o  14 km, the  Anv i l  Po in ts  

Research F a c i l i t y ,  the  TOSCO f a c i l i t y ,  the  Union Carbide p l a n t  

east  o f  R i f l e ,  and f o r  se lec ted  s t ruc tu res  i n  R i f l e  and Co l lb ran.  

Some sect ions  o f  highways, r a i l r o a d s ,  and creek v a l l e y s  a r e  a l s o  

recommended f o r  temporary c losu re  because o f  rock f a l l  and s lope 

f a i l u r e  hazards. 

P a r t i c u l a r  concern i s  expressed f o r  the Harvey Gap Dam above S i l t  

because o f  i t s  age, d i s r e p a i r ,  and the  cu r ren t  p r o b a b i l i t y  t h a t  

i t  w i l l  be s p i l l i n g  very  e a r l y  i n  the  sp r ing  thaw. Sp i l lways  and 

o u t l e t  works a re  badly de te r io ra ted .  Th is  dam i s  a hazard a t  

present ,  and w i l l  be an aggravated hazard under seismic ground 

motion. Unless remedial measures a r e  taken p r i o r  t o  shot t ime,  

o r  a d d i t i o n a l  s tud ies  prove the  sa fe ty  o f  t he  dam under dynamic 

load ing we would recommend evacuation o f  the  v a l l e y  downstream 

from t h i s  dam. This may invo lve  the  town o f  S i l t .  

J O H R  A .  B L U M E  6 A S S O C I I T E S  R E S E A R C H  O l Y l S l O l l  



Other particular problems are possible effects on water supplies. 

Water is a critical commodity in the area and.much concern is 

expressed by lucal residents on this aspect. We are including a 

sampling of locations with cisterns in our condition survey 

planning. 

J O H R  A. BLUME 6 A S S O C l l T E S  R E S E I H C I  D l V l S l O l  



--JOHN A. BLUME & ASSOCIATES RESEARCH DIVISION 1 
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INTRODUCTION 

The RULISON event i s  a  planned 40 -k i l o ton  (k t )  nuclear  detona- 

t i o n  a t  a  depth o f  about 8400 f e e t  i n  ~ a r f i e l d  County o f  western 

Colorado (see map, back cover pocket),  approximately a t  l a t i t u d e  

39'24' North, long i tude 107°56'30" West. The maximum c r e d i b l e  

y i e l d  and the  one on which response p red ic t i ons ,  est imates, and 

recommendations are based i s  60 k t .  The shot i s  c u r r e n t l y  

scheduled f o r  l a t e  May, 1969. 

: John A. Blume E Associates Research D iv i s ion ,  under con t rac t  w i t h  

the  Nevada Operations O f f i c e  o f  the  U.S. Atomic Energy Commission, 

has beenassigned r e s p o n s i b i l i t y  f o r  s t r u c t u r a l  inventor ies  i n  

the  range o f  probable damage, s t r u c t u r a l  response and damage pre- 

d i c t i o n s ,  sur face e a r t h  s t r u c t u r e  hazard evaluat ions,  and recom- 

mendations f o r  s a f e t y  measures i n  these p a r t i c u l a r  aspects. The 

p red ic t i ons  a r e  based on f i e l d  data, o f f i c e  studies,  ground mot ion 

p red ic t i ons  from the  Environmental Research Corporat ion (ERC), and 

p e r t i n e n t  publ ished in format ion .  

A companion repor t ,  JAB-99-60, P r o j e c t  RULISON: Inventory o f  

S t ruc tures ,  presents compi lat ions o f  data on s t ruc tu res  and 

rese rvo i r s  w i t h i n  range o f  poss ib le  damage from the proposed 

event.  Pre l im inary  vers ions o f  these two repor ts  were submit ted 

t o  the  .E f fec ts  Eva luat ion  D iv i s ion ,  NVOO, on March 15, 1969. 



SEISMICITY 

A b r i e f  study o f  the  seismic exposure o f  t he  area i s  presented 

i n  t h i s  repor t .  These data have been abst rac ted f rom a more 

d e t a i l e d  t a b u l a t i o n  o f  earthquake epicenters which i s  inc luded 

i n  JAB-99-60. 



DATE EPICENTER 
L a t  - Long. 

. . . . 

11-11-13 

8-8-44 

p l a s t e r  cracked. Ep icenter  i n  Utah. 

1-17-50 140.5 110.5 1 V 

I MOD.MER. MAGNI- ' 

38.2 107.7 

- - . 

. . 

DEPTH 
(km) INTEN; 

I 1 29 

I I I I I I 

TUDE 

V 

V I  

Strong a t  Grand Junct ion.  Bu i ld ings  shaken, 

10-11-60 

MAP 
NO. 

F e l t  i n  Grand Junct ion  and adjacent towns. 2-21-54 140.0 108.751 I V  

10-17-60 

2-5-62 

4.7 101 315-ton chemical exp los ion  a t  dam s i t e  by 

- .- - Bechtel Corp. 

. 
OBSERVATIONS 

15 

1 32 

38.3 107.6 

8-30-62 

39.2 106.9 

38.2 107.6 

Strong a t  Montrose, Ouray and T e l l u r i d e .  

(7,500 sq. mi.). 

Montrose area (3,000 sq. mi). 

V I  

41.8 111.8 

. 

V 

V 

5.5 

V I I  

43 

48 

4 1 

Aspen. Obiects f e l l  f rom shelves. 

S l i g h t  damaqe i n  Cimarron. F e l t  i n  Montrose 

and Ridqway. 

56 

I n t e n s i t y  I V  a t  Grand Junct ion.  I t o  I l l  a t  

De Beque. (10,000 sq. mi.). 

l n t e n s i t v  I V  a t  Ranqelv. Mack and C l i f t o n .  I t o  I l l  

a t  Grand Junct ion,  Cameo. F r u i t a .  (65.000 sa. mi.) 

Ep icenter  i n  Utah. 





STRUCTURAL HAZARD EVALUATION 

Ru l i  son Farms 

Wi th in  a  radius o f  8  k i lometers  from ground zero (Gz) are the  

Rul i son farms and'many smal l cab ins and i s o l a t e d  s t ruc tu res .  

Due t o  the  heavy snow~ack i n  t h i s  area we have'been unable t o  

v i i i t  a l l  s t r u c t u r e s  by automobi l e i  observat ion has the re fo re  

been conducted by l i g h t  a i r c r a f t  and a e r i a l  photos. General ly  

the  s t ruc tu res  are o f  wood frame cons t ruc t i on  w i t h  a  few masonry 

b u i l d i n g s  noted. I n  the  Rul ison farm area our inventory notes 

f i v e  two-story homes w i t h  a  value o f  $80,000 and many o the r  one- 

s t o r y  bu i l d ings .  O f  100 s t ruc tu res  noted, 73 were wood, 5 were 

concrete b lock,  2 were b r i c k  masonry and 20 were l og  b u i l d i n g s .  

The Denver and Rio Grande Ra i l road repor ts  t h e i r  microwave in -  

s t a l l a t i o n  on North'Mamm Peak, about '7.5 k i lometers  e a s t e r l y  o f  

GZ; however a e r i a l  reconnaissance h a s . f a i l e d  t o  d i sc lose  t h e  

presence o f  a  tower w i t h  d i sh  antennae i n  the  area o f  Nor th  Mamm 

Peak. The exact  l o c a t i o n  has been requested from the owners. A  

D&RG RR microwave tower and a  Forest Serv ice repeater  s t a t i o n  

were s igh ted  on Serv ice Po in t  about 20 km southeast o f  G Z .  To ta l  

s t r u c t u r e  va lue w i t h i n  t h e  8-k i lometer  rad ius  o f  GZ i s  p resen t l y  

est imated a t  $200,000. 

Ground motion i n  the  area i s  est imated t o  be i n  excess o f  0.39 

w i t h  spec t ra l  response f o r  s t ruc tu res  o f  0.2 second per iod  e s t i -  

mated a t  0.89 based on ERC-predicted spectra.  At these leve ls  o f  

motion some s l i g h t  s h i f t i n g  on foundations could occur. Damage 

t o  chimneys cou ld  a l s o  occur as a  r e s u l t  o f  d i f f e r e n t i a l  mot ion 

o r  banging o f  t he  chimney against  t he  house. Other damage could 

occur t o  br ic -a-brac ,  s tanding ob jec ts  such as a  grandfathers 

c lock  and t o  hanging m i r r o r s  and p i c tu res .  Bracing measures and 

some chimney removal f o r  s p e c i f i c  s t r u c t u r e s  may be recommended 

f o l l o w i n g  conclus ion o f  our s t r u c t u r a l  inventory and c o n d i t i o n  

survey. I t  i s  recomvenitd t h a t  a l l  b r i c -a -b rac  arid u i t ~ e r  v u i -  

nerable ob jec ts  be removed t o  a  safe s ta tus .  

- 3 - 
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Grand Va l l ey  

The town o f  Grand Va l ley  i s  located 10 k i lometers  northwest o f  

GZ. The popu la t ion  o f  the  town i s  est imated a t  200 w i t h  an 

equal number located i n  the  r u r a l  areas n o r t h e r l y  and sou the r l y  

o f  the  town. 

There are approximately 500 s t ruc tu res  ranging from small sheds 

, t o  residences t o  two-story commercial b u i l d i n g s  i n  the  town w i t h  

an est imated value o f  $600,000. The s t ruc tu res  i n  the  commercial 

area a re  genera l l y  o l d  b r i c k  1 and 2-s tory  b u i l d i n g s  and a r e  par- 

t i a l l y  unoccupied. The l a r g e s t  s t r u c t u r e  i s  the  school which i s  

constructed o f  ye l l ow  b r i c k  w i t h  a  red b r i c k  add i t i on .  There a re  

a  few b r i c k  veneer houses and the  r e s t  are o f  a l l  wood const ruc t ion .  

There are two through-t russ br idges o f  r a t h e r  l i g h t  cons t ruc t i on  

located a t  the  Grand Va l l ey  and Rul ison crossings o f  the  Colorado 

River.  I t  i s  no t  a n t i c i p a t e d  t h a t  these s t r u c t u r e s  would f a i l  o f  

themselves under the  seismic loading p red ic ted  s ince  the  br idges 

are constant ly  subjected t o  dynamic loadings. The b r idge  seats 

should be looked a t  t o  determine t h e i r  a b i l i t y  t o  r e s i s t  h o r i -  

zonta l  motion. Abutments appear t o  be cracked i n  spots. 

The spec t ra l  p r e d i c t i o n  f o r  Grand Va l l ey  i s  0.59 f o r  s t r u c t u r e s  

w i t h  a  per iod  o f  0.2 seconds and ground motion i s  est imated a t  0.29. 

Under these cond i t i ons  o n l y  moderate damage i s  an t i c ipa ted ,  most ly  

i n  the  o l d e r  two-story comnercial s t ruc tu res .  Br idge abutments 

a t  the  Grand Va l l ey  and Ru l ison br idges w i l l  be analyzed f o r  

l a t e r a l  res is tance;  however, they a re  a r e  expected t o  be adequate 

f o r  the  maximum y i e l d  spec t ra l  motions. 

Anv i l  Po in ts  ~ e s e a r c h  S t a t i o n  . 

.This f a c i  1 i t y  was bu i  It i n  1945 by the  Bureau o f  Mines as an ex- 

per imental  research center .  I t  i s  now i n  a  mothbal led cond i t i on .  



Just  below the p l a n t  i s  the  housing area where there  a re  some 79 
wood frame r e s i d e n t i a l  s t ruc tu res .  The p l a n t  has several  concrete 

b lock  warehouse b u i l d i n g s ,  a 2-1/2 s t o r y  admin i s t ra t i on  b u i l d i n g  

and several metal covered bu i l d ings .  I n  a d d i t i o n  t o  the  crusher 

p l a n t  and r e t o r t  s t ruc tu res ,  there  i s  a c rack ing tower, several 

guyed stacks and many la rge  s t e e l  petroleum tanks. Near the  h igh-  

way the re  i s  a l a rge  transformer subs ta t i on  and a pumping p l a n t .  

The housing area has an est imated value o f  $800,000 and the  p l a n t  

i s  assumed t o  be valued a t  $3.5 n i i l l i o n .  

Spectra l  acce le ra t i on  f o r  the  tower and r e t o r t  s t ruc tu res  i s  pre- 

d i c t e d  t o  be approximately 0.59 and some s l i g h t  overs t ress ing  may 

be noted i n  brac ing  members and anchor b o l t s  and foundations. 

Storage tanks may s p i l l  over  due t o  l i q u i d  mot ion i f  f u l l .  F a i l u r e  

o f  tower s t r u c t u r e s  i s  no t  a n t i c i p a t e d  b u t  a l l  anchor b o l t s  and 

guy w i res  should be checked f o r  t igh tness  and adequacy. Some ex- 

tension o f  e x i s t i n g  cracks may be noted i n  the  concrete b lock  ware- 

house s t ruc tu res ,  t he  stuccoed admin i s t ra t i on  b u i l d i n g  and the  

r e s i d e n t i a l  s t r u c t u r e s  

The o i l  sha le  mines near the  top o f  t he  mesa and above the  p lan t  

were inaccess ib le  and the re fo re  not  inspected. These mines a r e  

the  r e s p o n s i b i l i t y  o f  o the r  agencies. Conversation w i t h  M r .  Malcolm 

Smith, Supt. o f  the  maintenance crew, d isc losed t h a t  M r .  Smith plans 

t o  open a l l  doors i n  the  mine t o  a l l o w  f r e e  f l o w  o f  a i r  and lessen 

the  chance o f  concussion damage i n  the  event o f  any mine col lapse.  

Microwave Tower 

A microwave i n s t a l  l a t i o n  was noted a t  about 14 k i  lometers nor th-  

west o f  GZ. This  i n s t a l l a t i o n ,  assumed t o  be by Mountain States 

Telephone Company, cons is ts  o f  two d i s h  type antennae mounted on 

a square tower. I t i s  s i t u a t e d  halfway up the  slope t o  the  mesa 

and was inaccess ib le  due t o  the  snow; observat ions were made w i t h  

b inocu lars .  A generator  shack u s u a l l y  i s  a p a r t  o f  such an i n s t a l -  

! - t i on  al though nn bcri!ciings wcre v i s i b l e .  Est imated value i s  atcbut 

JOHH 1. B L U M E  br L S S O C I I T t S  R E S E L R C H  O l Y I S 1 0 1 1  



While spectral acceleration is predicted to be relatively high, 

damage to the structures is not felt to be probable since these 

facilities are usually designed for high wind and snow loadings 

which usually govern. 

Ranches 

There are many ranches to the south of GZ at an average range of 

14-18 ki lometers surrounding GZ. These ranches are general ly of 

wood construction and a few ranch houses in the area near Collbran 

were noted to have brick veneer exteriors. Several of the ranches 

were unoccupied and may possibly be used as summer ranch quarters 

only. Value of the ranch structures is assumed to be $100,000 

based on incomplete reconnaissance. 

Union Carbide Plant 

This plant, located 1.5 miles east of Rifle, processes vanadium 
and uranium ore. Among the important structures are the 200,000- 

gal Ion water tank elevated 100 feet above ground, the 360 ft. long 

x 9 ft. diameter kiln, the wood stave tanks with diameters varying 
from 36 feet to 60 feet and 12 feet to 20 feet high and the large 

concrete block walled -- steel framed process buildings. The 

facility operates on a continual basis. 

Spectral accelerations in the 0.2 to 0.3 second period range are 

predicted to be about 18% g and ground motion is predicted at 

about 7%. g or less. At these levels some minor additional crack- 

ing of the concrete block filler walls of the process buildings is 

possible. Other features of the plant should respond well and minor 

damage such as slight overstressing of bolted connections is pos- 

sible. Spillage of acid due to sloshing of tanks is a.lso possible. 

Further analysis of plant structures is in process and additional 

recommendations may be made. 

A mill tailings pile composed ofsilt size particles and a settle- 

ment pond which is retained in a fully saturated condition behind 

J O H R  A. B L U M t  k I I S S O C I A I E S  R E S E 1 R C H  D l Y l S l O l l  



ear th  embankments i s  located adjacent  t o  the  p l a n t .  A poss ib le  

hazard e x i s t s  i n  the  tendency f o r  sa tura ted s i l t y  ma te r ia l  t o  

1 iq;efy under dynamic load. Th is  hazard i s  being analyzed and 

a d d i t i o n a l  recommendations w i l l  be made as necessary. 

Col l b ran  

Co l lb ran and i t s  small suburb o f  Plateau C i t y  i s  the center  o f  

an a g r i c u l t u r a l  community. There i s  a l a rge  one-story b r i c k  

school i n  Plateau C i t y  o f  recent  const ruc t ion ,  a C i v i l i a n  Con- 

servancy Corps camp w i t h  many permanent b u i l d i n g s  as w e l l  as . 

t r a i l e r s ,  and the  commercial sec t i on  w i t h  several  o lde r  concrete 

b lock  and b r i c k  b u i l d i n g s  i n  genera l ly  f a i r  cond i t ion .  Resi- 

d e n t i a l  s t ruc tu res  a re  genera l ly  wood frame w i t h  many two-story 

homes i n  evidence. 

Ground motion a t  t h i s  range i s  p red ic ted t o  be less  than 7% g. 

Minor damage such as c rack ing o f  i n t e r i o r  p l a s t e r  and extension 

o f  concrete b lock  cracks i s  possib le.  

R i f l e  

This i s  the l a r g e s t  town'.cIose t o  GZ w i t h  a pop" la t ion  o f  2,135. 

The commercial d i s t r i c t  and many o f  the  homes a r e  s i t u a t e d  i n  

the  v a l l e y  and some o f  t he  newer homes have been b u i l t  on the  

t e r r a c e  above the  town. Commercial s t r u c t u r e s  a re  genera l l y  o f  

b r i c k  two-story const ruc t ion .  Homes are wood w i t h  a small amount 

o f  b r i c k  veneer noted. 

Motion a t  R i f l e  w i l l  be f a i r l y  h igh  and minor damage such as ex- 

tens ion o f  cracks i s  poss ib le .  

De Beque 

The town o f  De Beque has a popu la t ion  o f  173 and about 300 b u i l d -  

ings ranging from smal l  wood s t r u c t u r e s  t o  wood frame homes t o  

two-story b r i c k  cornrne~.cial bu i l d ings .  The town i s  g e i ~ e r a i l y  owned 
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by Gulf Oil. Many of the two-story structures are hot in use 

and appear to be abandoned such as the old two-story brick De Beque 

High School and the IOOF Meeting Hall. The newest structure is 

the one-story concrete block and bricl: De Beque School.located at 

the north edge of town near the base of the hills. 

Ground motion at this location is at a level where minor damage 

may be noted in plaster walls and brick and block two-story 

buildings. 

Vega Dam 

Vega Dam is an earth dam located about 25 kilometers southeast of 

GZ. It has a height of 150 feet, a length of 1,950 and storage 

capacity for 33,800 acre-feet of water. The water level was low 

and the lake was frozen during the visit; however the lake should 

be full at shot time. There are many summer cabins in the area 

around the lake, generally of wood construction. 

The safety of the dam is discussed in another section of this 

report. Ground motion is predicted to be rather low and damage 

to the summer cabins is not considered probable. 

Silt - 
Silt is a small town located east of Rifle and approximately 

30 kilometers from GZ. Structures are generally one-story wood 

frame buildings with wood or stucco exteriors. Near the highway 

are several masonry structures which are unoccupied and in poor 

condition. These masonry structures show evidence of settlement 

~roind motion is predicted to be relatively low. Minor damage 

to stressed plaster or stucco surfaces is possible and some 

slight extension of masonry cracks may be noted. 



Cameo and Palisades - 

Cameo, located near the end o f  De Beque Canyon about 45 k i l o -  

meters southwest o f  GZ, i s  the  s i t e  o f  a  steam power e l e c t r i c a l  

p l a n t  owned by Pub l i c  Service. The p l a n t  i s  n o t  considered t o  

be a  hazard a t  the  low l e v e l s  o f  p red ic ted-ground acce le ra t i on  

and spect ra l  acce le ra t i on  which are on the  order  o f  1% g  and 2% g  

respect ive ly .  However, personnel should be caut ioned t o  avo id  

h i g h  o r  p reca r ious ,~pos i t i ons  dur ing  the  event. 

At  the  town o f  Pal isades s t ruc tu res  a re  genera l l y  one s t o r y  w i t h  

some two-story commercial b u i l d i n g s  noted. Motion i s  somewhat 

less than the l eve ls  a t  which damage i s  normal ly  recorded and we 

the re fo re  would not  expect any damage i n  t h i s  area. 

Grand Junct ion  

Peak spec t ra l  acce lera t ions  i n  Grand Junct ion  a re  expected t o  be 

less than 0.029, and ground acce lera t ions  a re  p red ic ted  a t  0.0089. 

S t ruc tures  i n  Grand Junct ion  are genera l ly  one o r  two s t o r i e s  t a l l .  

The t a l l e s t  s t r u c t u r e  i s  the 10-story antenna tower attached t o  

the Mountain States Telephone Co. b u i l d i n g .  Damage i s  n o t  a n t i c i -  

pated a t  these l e v e l s  o f  motion. 

The O i  l Shale Company o f  America (ToSCO) Faci l i t y  

A  s t e e l  tower a t  the  TOSCO f a c i l i t y  25 k i lometers  NW o f  GZ was 

inspected on March 24 f o r  a  s t r u c t u r a l  eva luat ion .  S t r u c t u r a l  

drawings have been requested f o r  a  d e t a i l e d  study but  n o t  y e t  

received. A  p r e l i m i n a r y  eva lua t ion  was conducted, .using a v a i l -  

ab le  data. 

The tower i s  approximately 200 f e e t  h i g h  and 50 f e e t  by 50 f e e t  

i n  p lan  w i t h  9 support ing columns. One tower had had a  h i s t o r y  

o f  d i f f e r e n t i a l  set t lement .  Attempts have been made t o  c o r r e c t  

t h i s  s i t u a t i o n  by app ly ing  hor i70nta l  fo rces  a t  the  tap o f  the  

s t r u c t u r e  by means of  "dead men" anchored i n t o  the ad jacent  c l i f f s  



and pu l l eys  at tached t o  the  top o f  the  s t r u c t u r e  suppor t ing  sus- 

pended dead weights. Some adjustments have a l so  been made-at the  

base o f  the  columns by use o f  jacks .  ~ c c 0 r d i i - i ~  t o  TOSCO manage- 

ment, the  d i f f e r e n t i a l  set t lement  problem appears t o  be solved.  

D i f f e r e n t i a l  Sett lement has apparent ly  slowed o r  stopped. Some 

o f  the reduct ion  i n  set t lement  may be due to .conso l i da t i on  o f  t he  

foundat ion ma te r ia l .  

Using the rough data obta ined froni the f i e l d  t r i p ,  masses were 

approximated and a crude s t r u c t u r a l  dynamic ana lys is  was made. 

The r e s u l t s  from t h i s  crude ana lys i s  fo l lovts:  

Per iod  (approx.) 

Max. Allow. Design (X I  .33) Bas'e 
Shear Coeff .  

Max. Pred..RULISON Base Shear 

Max. Pred.  TO^ S tory  Accel.  

1.20 sec 0.83 sec 

0.018 g 0.036 g 

Max. Al lowable Design ( x  1.33). Base Shear = 60 k 

Max. Predic.  RULISON Base Shear = 13 k 

FTM these rough assumptions and ca lcu la t i ons ,  i t  appears t h a t  

event-caused motion from RULISON would account f o r  s t resses less  

than 25% o f  those a l lowable.  Therefore, no specia l  precaut ions 

need be made, o the r  than evacuation o f  the  f a c i l i t y  because o f  

r o c k f a l l  hazard. 

I f  and'when drawings and o the r  requested s t r u c t u r a l -  in fo rmat ion  

a r e  received from TOSCO, accurate c a l c u l a t i o n s  can be made. 

No ana lys i s  o f  t he  foundat ion ma te r ia l  was made. The conclu- 

s ions contained herewi th assume a s t a b l e  foundation. 



EARTH STRUCTURE HAZARDS 

In t roduc t ion  

Rock f a l l s  w i l l  c o n s t i t u t e  a major e a r t h  s t r u c t u r e  hazard i n  the  

area subjected t o  ground motion by the  proposed event. The re -  

g ion  i s  charac ter ized by canyons which have been deeply d issected 

by the  Colorado River  and t r i b u t a r y  streams, leav ing near l y  v e r t i -  

ca l  wa l l s  border ing  the  r e s u l t i n g  v a l l e y s  and stream beds. 

Mechanics o f  Slope Fai l u r e  i n  the  Rul ison Area 
. . 

The geologic s e c t i o n  exposed i n  the  canyon w a l l s  i s  a t h i c k  se- 

quence o f  f l a t - l y i n g  i n t e r s t r a t i f i e d  sandstones and c l a y  shales. 

The san'dstones a re  hard and strong, j o i n t e d ,  t h i n  bedded t o  

massive, and separated by f i s s i l e ,  very t h i n  t o  t h i c k  bedded 

s o f t  weak c lay  shale. Slopes exposed by stream a c t i o n  a re  under- 

cu t  a long the  s o f t  c l a y  shale beds wh.ich removes support from 

beneath o v e r l y i n g  sandstone beds. B locks ,o f  rock which a r e  

bounded by j o i n t  surfaces become detached and f a l l  o r  s l i d e  down- 

slope. The b locks a re  d is lodged by loss o f  s t reng th  o f  t he  c l a y  

shale through l u b r i c a t i o n  o r  w e t t i n g  from snow mel t ,  o r  from pre-  

c i p i t a t i o n  and expansion due t o  f reez ing.  Larger rock masses o r  

p innacles may co l lapse.  Mass wast ing o f  t he  c lay  shale a l so  has 

taken p lace i n  the  form o f  slumps and f lows p a r t i c u l a r l y  i n  areas 

o f  spr ings and seeps, thus c rea t ing  addi t i o n a l  sandstone rock 

f a l l  hazards by removal o f  l a t e r a l  confinement and under ly ing  

support.  Another e f f e c t  o f  removal of  l a t e r a l  confinement i s  

the consequent d i f f e r e n t i a l  set t lement  and downslope g l i d i n g  o f  

la rge detached blocks and masses o f  sandstone on and i n t o  under- 

l y i n g  compressible weathered c lay  shale beds. These sandstone 

masses and b locks may g l i d e  down slope f o r  considerable d is tances 

before  t i l t i n g  past  t h e i r  respect ive  centers o f  g r a v i t y  and 

tumbling down the  s lope sur face t o  the  v a l l e y  f l o o r .  



Dip s lope f a i l u r e s  ( f a i l u r e  o f  layers  along the  plane s lope o f  

t h e  geo log ica l  formation) o f  l a rge  i n t a c t  rock masses as we1 l as 

i n d i v i d u a l  j o i n t  bordered b locks a r e  a l so  observed i n  the  area. 

These f a i l u r e s  occur where d i p  slopes have been undercut by 

stream act ion ;  excavations f o r  bu i l d ings ,  highways, and r a i l r o a d s ;  

and a t  tunnel po r ta l s .  

Occurrence o f  Slope Fai 1 ures 

Conversations w i t h  c i v i l  engineers o f  the  Denver and Rio Grande 

Rai 1 road (DGRG RR), l o c a l  res idents ,  and newspaper repor ts  sug- 

gest  t h a t  the  occurrence o f  rock f a l l s  and lands l ides  a re  l a r g e l y  

. c o n t r o l l e d  by temperature and p r e c i p i t a t i o n .  

The frequency o f  s lope f a i l u r e s  i s  h ighest  a t  the  t ime o f  t h e  

f a l l  freeze, lowers s l i g h t l y  throughout the  w in ter ,  and r i s e s  

again w i t h  the  sp r ing  thaw. Th is  i s  fo l lowed by a  r e l a t i v e l y  

q u i e t  pe r iod  through the summer u n t i l  about mid-August when 

many lands l i des  a re  t r i gge red  by p r e c i p i t a t i o n  run -o f f  f rom 

c loudburst .  The c loudburst  Season i s  u s u a l l y  fo l lowed by a  

shor t  p e r i o d  o f  s lope s t a b i l i t y  u n t i l  w i n t e r  storm and ground 

f reez ing  again s t a r t s  the cyc le .  

De Beque Canyon - Rock f a l l s  and lands l ides  cons is t i ng  o f  l a rge  

masses o f  in termixed sandstone b locks and c lay .sha le  a r e  a  ch ron ic  

occurrence i n  De Beque Canyon. These s lope f a i l u r e s  p e r i o d i c a l l y  

b lock  p o r t i o n s  o f  I n t e r  S ta te  Highway (IS) 70 and the  main l i n e  

o f  t he  D&RG RR f o r  a  d is tance o f  14 mi les  along the  Colorado 

River .  The canyon s t a r t s  j u s t  west o f  t he  town o f  De Beque and 

the  hazard area extends f o r  14 m i les  almost cont inuously west t o  

a  p o i n t  j u s t  east  o f  the  town o f  Pal isade. There a re  no r e s i -  

dences i n  the  main p o r t i o n  o f  t he  canyon. Two d i v e r s i o n  dams a r e  

present i n  the western p o r t i o n  o f  the  canyon. A steam power p l a n t  

i s  located a t  Cameo and several coal mines are opera t ing  i n  the  

v i c i n i t y .  There i s  a  network o f  a c t i v e  and abandoned canals i n  

the  western p o r t i o n  o f  t he  canyon, and some residences a t  the 
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View o f  De Beque Canyon, Colorado lands l ide ,  showing 
features o f  s lope i n s t a b i l i t y  i n  the canyon. I n t e r -  
s t a t e  Highway 70 i s  shown extending from the lower 
le f t -hand-corner  across the  toe  of  the  s l i d e .  The 
Colorado r i v e r  i s  b e l w  the highway t o  the  r i g h t  o f  
center.  

The r i m  rock co l lapse i s  be l ieved t o  have taken p lace 
i n  1929. The s l i d e  continues t o  be a hazard, as i t  i s  
a source o f  rock fa1 1s onto the h'ighway and a chron ic  
highway maintenance problem. 



canyon mouth between Cameo and Pal isade. A restaurant-gas 

stat ion-garage which operates the  year around i s  located i n  the  

v i c i n i t y  o f  Cameo. With the  except ion o f  the  highway, r a i l r o a d ,  

and canals, the  remaining s t r u c t u r e s  a re  considered t o  be r e l a -  

t i v e l y  f r e e  from rock f a l l  hazard b u t  cou ld  be a f fec ted  by l a r g e  

lands l ides  o r  canyon w a l l  co l lapse.  Access t o  these loca t ions  

by f a i l  o r  road cou ld -be  biocked by rock  f a l l s  o r  s l i d e s  i n  t h e  

canyon. 

Plateau Va l ley  - Rock f a l l s  are a p a r t i c u l a r  hazard i n  Plateau 

Va l ley  along Sta te  Highway 65 from the  conf luence a t  the  Colorado 

River  east  t o  the  v i c i n i t y  o f  the  Mesa road f o r k  w i t h  S ta te  High- 

way 330. Several la rge slump-type lands l ides  and canyon w a l l  

co l lapses have a l s o  occurred i n  t h i s  reach o f  the  v a l l e y .  The 

eastern  h a l f  o f t h e  area contains a few ranches, several o f  which 

cou ld  be damaged by rock f a l l s  because o f  t h e i r  p rox im i t y  t o  the  

valley.wa11s. 

The p o r t i o n  o f  Plateau Va l l ey  extending along Sta te  Highway 330 

t o  the  town o f  Co l lb ran and beyond t o  Vega Dam shows evidence of 

m n y  f l o w  s l i d e s  and slumps which have taken p lace i n  c lay  shales 

i n  and a t  t he  base o f  t he  v a l l e y  wa l l s .  There a re  a l s o  numerous 

lands l ides  and b lock  slump areas adjacent t o  Plateau Creek i n  the  

v i c i n i t y  o f  Col lbran.  These have occurred i n  c l a y  shale b l u f f s  

undercut by the  creek. 

S t ruc tures  i n  p o r t i o n s  o f  'plateau Va l l ey  east  o f . t h e  f o r k  w i t h  

Sta te  Highway 65 a re  f o r  t he  most p a r t  r e l a t i v e l y  f r e e  from rock 

f a l l  hazards. However, a hazard t o  s t ruc tu res  does e x i s t  by 

f l o p d i n g  i f  Plateau Creek should be dammed by a slump o r  s l i d e .  

Th is  has taken p lace i n  the  past  i p  several l o c a l i t i e s ,  and 

Plateau Creek i s  c u r r e n t l y  becoming blocked i n  one l o c a t i o n  

through n a t u r a l  s l i d i n g .  

C n l l b r a n - S i l t  Road - An imprcved county road extends along a -- 

t r i b u t a r y  v a l l e y . f r o m  Plateau Creek east  o f  c o i l b r a n  over a 

- 13 - 

J O H W  R. B L U M E  6 A S S O t l l T t S  R E S E R R C H  O l V l S I O l l  



drainage d i v i d e  n o r t h  along .Snake Creek and ~ e s e r v o i r  Creek .to 
. . 

the  town o f  S i l t  which i s  located on the n o r t h  s ide  o f  the.Colorado 

River  on I n t e r  S ta te  70 (US 6/24). The area between Plateau Creek 

and t h e  cofif l t ience o f  Snake Creek and Reservoir Creek conta ins  

many slumps and f lows,  several o f  which a re  a c t i v e .  The v a l l e y  

bottom i s  occupied by ranch houses and summer homes, a l l  o f  which 

, appeared t o  be secured f o r - t h e  w i n t e r  and unoccupied. Th is  area 

i s  r e l a t i v e l y  f r e e  from rock  f a l l s  b u t  sub jec t  t o  f l o o d i n g  from 

darning o f  the  creek bed by f lows and s l i d e s .  The area n o r t h  o f  

the  conf luence o f  Snake and Reservoir Creeks i s  r e l a t i v e l y  f r e e  o f  

hazards from s lope f a i l u r e s .  

Parachute Cr& - Rocks f a l l s  a r e  f requent  along the  v a l l e y  formed 

by Parachute Creek. The conf luence o f  the  Creek w i t h  the  Colorado 

River  i s  j u s t  eas t  o f  t he  town o f  Grand Val ley.  The creek extends 

i n  a northwest d i r e c t i o n  through the  Roan C l i f f s ,  then tu rns  n o r t h  

t o  s l  i ' gh t l y  nor theast  where several f o rks  d r a i n i n g  the  Roan Plateau 

j o i n  the  t runk  stream. An extensive o i l  shale development has been 

constructed a t  t he  conf luence o f  the  t runk  stream and i t s  var ious 

fo rks .  Th is  f a c i  1 i t y  i s  r e f e r r e d  t o  as TOSCO (The O i  1 Shale Corp. 

o f  America). Rock fa1 1s a r e  a constant hazard t o  personnel and 

have on several occasions damaged and destroyed.company s t ruc tu res .  

I n  a d d i t i o n  t o  s lope i n s t a b i l i t y ,  TOSCO has a c rack ing tower 

founded on 5 t o  6 f e e t  o f  compacted f i l l ,  which i s  i n  t u r n  under- 

l a i n  by about 170 f e e t  o f  t a lus .  The tower leans o u t  o f  plumb a t  

t he  r a t e  o f  2 f e e t  per year when opera t ing  and about 0.5 f e e t  per 

year when not  i n  opera t i on  (verbal communication, TOSCO ~ e ~ . ) .  I t  

i s  r e g u l a r l y  re-plumbed by base adjustment. A s p e c i f i c  ana lys is  and 

eva lua t ion  o f . t h e  problem posed by t h i s  s t r u c t u r e  have been made 

and repor ted  i n  a preceeding sect ion.  

The Parachute Creek area towards Grand Va l l ey  conta ins ranch 

houses, several  o f  which cou ld  be damaged by rock f a l l s  o r i g i n a t -  

ing on the  adjacent  canyon slopes. 



I n t e r  S ta te  70 f rom the Grand Hogback Ridge t o  the  Town o f  

Dotsero - Large p o r t i 6 n s  o f  I S  70 and the D&RG RR from a p o i n t  

5 m i les  east  o f  S i l t  extending east  through the  town o f  ~ e w  Cast le  

and the  C i t y  o f  Glenwood Springs t o  the  town o f  Dotsero, a r e  sub- 

j e c t  t o  rock f a l l s ,  f l o w  and slump type landsl ides.  Rock f a l l s  

and lands l ides  along bedding planes and j o i n t  surfaces are a l s o  

frequent.  

The Roaring Fork R iver  extepding f o r  unknown distance south-' 

eastward from i t  confluence w i t h  the  Colorado River  a t  Glenwood 

Springs i s  sub jec t  t o  s i m i l a r  s lope s t a b i l i t y  problems. 

Denver and Rio Grande Ra i l road (DGRG RR) - I n  a d d i t i o n  t o  p o r t i o n s  

o f  the  D6RG RR p rev ious l y  discussed the  f o l l o w i n g  loca t ions  have 

been designated by t h e  D i v i s i o n  C i v i l  Engineer as chron ic  land- 

s l i d e  and rock f a l l s  areas: 

( I )  Niger  H i  11  - 6 m i les  eas t  of De Beque 

(2) Clebster H i l l  - 4 m i l e s  west o f  R i f l e .  Th is  p o r t i o n  

o f  t he  t r a c k  i s  scheduled f o r  re loca t ion .  Construc- 

t i o n  i s  t o  s t a r t  t he  e a r l y  p a r t  o f  May 1969. 

(3)  Track which has r e c e n t l y  been re located from the n o r t h  

t o  the  south s ide  o f  t h e  Colorado River  immediately 

west o f  Glenwood Springs p a r a l l e l  t o  I S  70. Maintenance 

on t h i s  r e l o c a t i o n  i s  the  r e s p o n s i b i l i t y  o f  t he  Bureau 

o f  Pub l i c  Roads For the  next  5 years according t o  the  

D i v i s i o n  Engineer. 

Grand Hogback a t  R i f l e  Gap and Harvey Gap Dams - Numerous o l d  

l ands l i des  were noted adjacent t o  the  l e f t  abutment a t  Harvey Gap 

Dam as w e l l  as rock f a l l s  and lands l i des  do#~nstream from t h e  

f a c i l i t y  along the  canyon w a l l s  southward t o  the  Colorado R ive r  

Val ley.  The dam and r e s e r v o i r  do n o t  appear t o  be i n  danger 

based on f i e l d  observat ions t o  date; however, the  road and coal  

mine s t r u c t u r e s  i n  the  canyon through the  Grand Hogback a r e  



vu lnerab le  t o  both  rock  f a l l s  and l a n d s l i d i n g .  The same obser- 

va t ions  apply t o  the road through R i f l e  Gap, which conta ins no 

o the r  s t r u t t u r e s .  

Mine Dumps 

Mine dumps and t a i l i n g s  p i l e s  i n  the  area a r e  uns tab le  and 

f a i l i n g  under s t a t i c  loading.  Dynamic load ing w i l i  increase the  

i n s t a b i l i t y  o f  such dumps and a hazard w i l l  be created indowns lope 

areas. We have presumed t h a t  such problems p roper l y  belong w i t h i n  

the  scope o f  the US Bureau o f  Mines s tud ies  i n  t h i s  area. 



HYDRAULIC STRUCTURE AND WATER SUPPLY HAZARDS 

General 

In the present inventory of hydraulic structures in the general 

project area of the RULISON event, particular attention has been 

directed to storage dams and reservoirs. Historical evidence indi- 

cates that every dam, regardless of size and type, is in some degree 

a potential hazard to everything bklow it. 

Causes of Dam Fa i 1 ures 

The causes of dam failures are both numerous and variable in- 

cluding the following. 

lnadequate spillway. 
Inadequate spillway. Overtopping by flood wave due 

to failure of dam above. 
lnadequate cut-offs. Porous foundation allowing 

leakage and erosi-on under eirth dam, and/or 
sliding in rigid types. 

Faulty construction; material not properly com- 
pacted in earth dams; poor construction in 
masonry dams. 

lnadequate cut-offs around conduits in earth and 
rock-fill dams. 

Faulty design of section; slopes too steep in earth 
dams; section too light in masonry dams. 

lnadequate means for stream control during construc- 
tion. 

Excessive quantities of clay or other classes of fine 
material. 

Ice pressure or disintegrating effect of. 
Improper operation or inadequate maintenance. 
Burrowing rodents. 
Poor materials, including soluble salts. 
Unstable or structurally weak foundation. 
Conduits trhough earth or rock-fill dams not properly 

supported to prevent settlement or failure. Im- 
proper location of valves. 

Insufficient provision against erosion from back-wash 
below dam or spillway. 

Earthquakes. 
Miscellaneous and undetermined. 
Failure of bottom in small water-works reservoirs. 
Cam overtopping by reservo1 r seiching. 



Dam Fa i l u res  by S t r u c t u r a l  Types 

* 
I n  a paper by M. C. H inder l i de r ,  former Sta te  Engineer o f  Colo- 

rado, there  i s  presented a sumvary o f  293 dams i n  the  Un i ted  - 

States and abroad t h a t  f a i l e d  i n  the  per iod  1799-1931. More re-  

c e n t l y  numerous f a i l u r e s  have rev ived i n t e r e s t  i n  the  study o f  

t h e i r  causes. 

The f a i l u r e s  r e f e r r e d  t o  above represent var ious  dam types va ry ing  

i n  he igh t  f rom 10 t o  190. C l a s s i f i c a t i o n  by dam types and number 

o f  f a i l u r e s  i s  shown i n  the  f o l l o w i n g  tabu la t i on .  

SUMMARY OF TOTAL, PARTIAL, AND INCIPIENT DAM FA1 LURES 

(Per iod 1799-1931) 
Percent o f  

Type o f  Dam Numberof Fa i l u res  To ta l  F a i l u r e s  

Ear th  F i l l  159 54 
Rock F i l l  12 4 
Grav i t y  Masonry 67 23 
S ing le  and Mu l t i p le -A rch  7 2 
Reinforced Concrete 7 2 
T imber 17 - 
Miscel laneous 24 , . - 

Tota 1 293 

Ear th  Dams 

The h i g h  percentage o f  e a r t h  dam f a i l u r e s ,  dur ing  the  p e r i o d  i n -  

cluded i n  the  above tabu la t i on ,  can probably be expla ined by l a c k  

o f  understanding o f  the  nature  o f  s o i l s  i n  such dams. U n t i l  about 

1930 the  design o f  ea r th  dams was based almost e x c l u s i v e l y  on em- 

p i r i c a l  knowledge and consisted l a r g e l y  o f  adopting the  cross- 

s e c t i o n  o f  successful  dams w i t h  l i t t l e  regard t o  d i - f ferences i n  

the  character  o f  s o i l  and foundation cond i t ions  and t h e i r  a c t i o n  

under s t a t i c  and dynamic loadings. 

rt 
H i n d e r l i d e r ,  M. C. ,  "Necessity For and Pena l t i es  For Lack o f  Super- 
v is ion" ,  Proceedings, American Society o f  C i v i l  Engineers, Vol. 58, 
No. 1, pp. 58-41, (January 1332). 



Therefore, w i t h  regard t o  e a r t h  dams i n  the  p r o j e c t  area o f  t h e  

RULISON event constructed before  1930, such s t ruc tu res  may be re-  

garded somewhat suspect regarding t h e i r  a b i l i t y  t o  r e s i s t  s i z e a b l e  

seismic induced forces. 

An e a r t h  s t r u c t u r e  o f  considerable s i z e  and r e l a t i v e l y  c lose  t o  the  

b l a s t  p o i n t  (34 km) i s  Harvey Gap Dam discussed i n  the  f o l  lowing 

sec t i on  o f  t h i s  repor t .  

Harvey -Gap Dam and Reservoir 

Harvey Gap Dam and Reservoir, known a l s o  as Grass Va l l ey  and Grass 

Va l l ey  Ant le rs ,  was o r i g i n a l l y  constructed i n  1891. The dam was 

o f  t he  e a r t h - f i  1 l type 49 f e e t  i n  he igh t  above the  foundat ion  w i t h  

c r e s t  l eng th  580 ft.; w i d t h  o f  c r e s t  10 ft.; w i d t h  o f  base 255 ft.; 

downstream slope 2 : l ;  and upstream s lope 3:1. O r i g i n a l  r e s e r v o i r  

capac i ty  was 4,000 acre- fee t .  . 

The o r i g i n a l  dam f a i l e d  i n  1895 and was r e b u i l t  - i n  1909. 

I n  1921 t h e  dam was rehabi 1 i t a t e d  and ra i sed  t o  a he igh t  o f  60 

f e e t  w i t h  a c r e s t  length o f  about 800 f e e t .  The gross r e s e r v o i r  

capac i t y  was increased t o  5,058 acre- fee t  w i t h  a h i g h  water s u r -  

face area o f  206 acres. The present  opera tor  i s  the  Farmers I r r i -  

g a t i o n  Company. On March 6, 1969, the  r e s e r v o i r  water l e v e l  was 

approximately 10 f e e t  below top o f  dam and about 1 f o o t  below 

s p i l l w a y  c res t ,  i f  header boards a re  disregarded. The dam and 

appurtenant works appear t o  be i n  poor c o n d i t i o n  and improper ly  

maintained. 

U n t i l  t he  R i f l e  Gap Dam was completed i n  1967, the Harvey Gap 

Reservoir was the  l a r g e s t  development i n  the  immediate area and 

supp l i ed  water  f o r  i r r i g a t e d  lands on Harvey Mesa no r th  o f  t he  

town o f  S i l t .  

i t  i s  be1 ie\red t h a t  the  dam i s  2 p o t e n t i a l  hazard i n  i t s  present 

s t r u c t u r a l  and h y d r a u l i c  c o n d i t i o n  and should receive spec ia l  
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and immediate a t t e n t i o n ,  as discussed below. 

Condi t ion Survey Recommendations 

The p re l im ina ry  f i e l d  observat ion has ind i ca ted  t h a t  

f a i l u r e  o f  the  Harvey Gap Dam by seismical  l y  generated impu ls ive  

forces i s  a p o s s i b i l  i t y .  Consequently, the  f o l l o w i n g  recommen- 

dat ions a re  o f f e r e d  fbr spec ia l  cons idera t ion :  

( 1 )  Conduct engineering i nves t iga t i ons  o f  the  e x i s t i n g  

c o n d i t i o n  o f  the  dam. 

(2) Determine the  slope s t a b i l i t y  and r e l a t e d  f a c t o r s  

o f  s a f e t y  o f  t he  s t r u c t u r e  under seismic loadings 

l i k e l y  t o  be induced by the  RULISON event.  

(3) Be prepared t o  reduce the  rese rvo i r  water  l e v e l  as 

much as i s  poss ib le  be fo re  the  date o f  t he  nuc lear  

b l a s t  i f  the  r e s u l t s  o f  itkms ( 1 )  and (2) i n d i c a t e  

the  a d v i s a b i l i t y  o f  such ac t i on .  

Other Dams and kese rvo i r s  

From publ ished data, as w e l l  as d iscuss ion w i t h  appropr ia te  

agencies and i n d i v i d u a l s  we a re  aware o f  the  presence o f  numerous 

dams and rese rvo i r s  i n  the  area, no t  accessib le because o f  snow 

cover and closed roads. These rese rvo i r s  are known t o  be o f  

var ious  s izes,  having var ious  purposes, and i n  unknown cond i t i ons  

and s t a t e  o f  r e p a i r .  These cou ld  c o n s t i t u t e  hazards t o  some degree, 

no t  as great ,  however, as t h a t  presented by the  Harvey Gap Dam 

discussed above. 

Our cu r ren t  op in ion  i s  t h a t  the  R i f l e  Gap and Vega dams a r e  not  

hazarded by the  expected motion. Studies on these s t r u c t u r e s  a re  

n o t  y e t  completed, however. 

Rural \,later Suppl ies 

We have been made aware from our contacts w i t h  res idents  du r ing  

the  s t r u c t u r a l  inventory,  t h a t  RULISON e f f e c t s  on l o c a l  water  
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supp l ies  a re  a major concern t o  these people. Glells, c i s t e r n s ,  

and streams are v i t a l  t o  the  l i v e l i h o o d  o f  many res idents  and any 

de le te r ious  e f f e c t s  from RULISON, rea l  o r  imagined, w i l l  be an 

extremely s e n s i t i v e  aspect o f  the  p r o j e c t  operat ions.  

The general reg ion o f  the RULISON event i s  low i n  water y i e l d .  

, A1 thpugh the  watekshed area represents about 25 percent o f  the 

Colorado River  Basin i n  Colorado the  average y i e l d  i s  less than 

9 percent  o f  the  t o t a l .  As a consequence o f  t h i s  adverse s i t u a -  

t i o n  the  i nhab i tan ts  o f  the  mesas must s t o r e  water i n  c i s t e r n s  

and tanks f o r  t h e i r  needs. Sources o f  water a re  r a i n ,  snowmelt, 

pumped groundwater, and t ruck  d e l i v e r y .  

Numerous c i s t e r n s  constructed both i n  rock and a l l uv ium are 

located i n  the immediate v i c i n i t y  (4-10 km) o f  the  shot p o i n t .  

It i s  be l i eved  t h a t  the RULlSON event  may cause damage t o  some o f  

the  c i s t e r n s ,  w e l l  pumps', p ip ing ,  and a u x i l i a r y  mechanical and 

e l e c t r i c a l  equipment w i t h i n  a radius o f  about 15 k i lometers .  



Cer ta in  precaut ionary  measures a re  recommended f o r  l oca t ions  

which w i l l  experience s t rong ground motion o r  s i g n i f i c a n t  s t r u c -  

t u r a l  motion. These precaut ions are necessar i l y  conservat ive,  

t o  minimize the  p o s s i b i l i t y  o f  i n j u r y  t o  persons, and a re  based 

on ERC-predicted motions f o r  the  maximum c r e d i b l e  y i e l d .  

Motion p red ic t i ons  o u t  t o  a  rad ius  o f  8 k i  lometers a re  i n  excess 

o f  0.309 and we recommend the  evacuation o f  'a1 l persons f rom t h e  

area. Bric-a-brac and f r a g i l e  hanging ob jec ts  should be removed 

t o  a  safe s ta tus .  Gas and e l e c t r i c i t y  should be shut o f f  t o  pre- 

c lude the  p o s s i b i l i t y  o f  f i r e .  The evacuation area genera l l y  i n -  

cludes s t r u c t u r e s  i n  the  Rul ison area and the  Grand Va l l ey  area 

south o f  t he  r i v e r .  

I n  t h e  town o f  Grand Val ley, the  Anv i l  Po in ts  Research S t a t i o n  

and var ious small ranches o u t  t o  a  rad ius  o f  14 k i lometers ,  we 

recommend t h a t  persons be evacuated from a l l  s t r u c t u r e s  t o  a  

d is tance o f  two b u i l d i n g  he ights  from the s t r u c t u r e .  

At  the  Union Carbide P l a n t  east  o f  R i f l e  we recommend t h a t  per-  

sonnel remain c l e a r  o f  concrete b lock  s t r u c t u r e s  and tanks dur ing  

the  event. 

I n  t h e  town o f  R i f l e  and the  Co l lb ran area we suggest t h a t  s tu-  

dents be moved ou ts ide  dur ing  the  event. Th is  i s  based not  on t h e  

p o s s i b i l i t y  o f  s t r u c t u r a l  damage but  on the  s t rong mot ion which 

may be experienced. 

Personnel a t  the  Cameo e l e c t r i c a l  generat ing p l a n t  should be 

caut ioned t o  avo id  h igh  places o r  precar ious p o s i t i o n s  a t  the  

t ime o f  t he  event.  



Because o f  t he  p o t e n t i a l  hazards t o  r a i l r o a d  and highway t r a f f i c  

from rock f a l l s  and lands l ides ,  i t  i s  recommended t h a t  I S  70 

and the  ra. i l road be closed down t o  t r a f f i c  i n  De Beque Canyon and 

along the  Colorado River  from the Grand Hogback through Glenwood 

Springs t o  Dotsero. 

Por t ions  o f  S ta te  Highway 789/13 between the i n t e r s e c t i o n  w i t h  

Sta te  Highway 325 n o r t h  o f  the  town o f  R i f l e  and extending nor th-  

west t o  R io  Blanco should a l s o  be c losed t o  t r a v e l  as w e l l  as 

po r t i ons  o f  S ta te  Highway 82 extending southeast from Glenwood 

Springs. S t a t e  Highway 65 i n  Plateau Va l l ey  extending from I S  70 

t o  the  i n t e r s e c t i o n  o f  S ta te  Highway 330 should a l s o  be closed 

because o f  t he  rock f a l l  hazard. Also the  canyon po r t i ons  o f  t h e  

roads from R i f l e  Gap Dam and Harvey Gap Dam should be c losed and 

coal mines i n  Harvey Gap evacuated because o f  the  hazard c reated 

by ~ a r v e ~ ' ~ a ~  Dam (see the  Hydrau l ic  S t ruc tu res  and.Water Supply 

Hazard sec t i on ) .  I n  Parachute creek, areas i n  the  hpper p o r t i o n  

o f  the  creek should be evacuated as w e l l  as the  TOSCO f a c i l i t y ,  

because o f  rock f a l l  hazard. 

Serious cons ide ra t i on  should be g iven t o  the  p o s s i b l i t y  o f  m in i -  

miz ing  hazards by reschedul ing shot  t ime f o r  sometime i n  mid- 

summer f o l l o w i n g  the  c l imax o f  t he  s p r i n g  run o f f  and preceding 

the  pe r iod  o f  mid and l a t e  summer c loudburs t  a c t i v i t y .  

General warnings should be issued t o  the  p u b l i c  concerning the  

i n a d v i s a b i l i t y  o f  being on h i g h  precar ious s t r u c t u r e s  such as 

t a l l  s c a f f o l d i n g  dur ing  shot t ime. Contractors w i t h  personnel 

working under such cond i t i ons  should be par t icu1ar l .y  a le r ted .  

Construct ion w i t h i n  abo'ut 25 k i lometers  may have t o  be fempo- 

r a r i l y  h a l t e d  because o f  t h e  p o s s i b i l i t y  o f  de le te r ious  e f f e c t s  

on h i g h  concrete, e t c .  
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DAMAGE COST PREDiCTiONS 

General 

The f o l l o w i n g  damage p red ic t i ons  are based on experience gained 

i n  p r e d i c t i n g  and eva lua t ing  damage r e s u l t i n g  from NTS events 

and o f f s i t e  events. To date these events have produced n e g l i g i b l e  

o f f s i t e  damage due main ly  t o  r e l a t i v e l y  low ac tua l  ground motion, 

g reat  distances t o  vu lnerab le  s t ruc tu res  and the  low s t r u c t u r a l  

dens i ty  o f  the  areas surrounding the eveot.  

. . 
I n  the  present case we a r e  faced w i t h  a  r e l a t i v e l y  h i g h  s t r u c t u r a l  

and popu la t ion  dens i t y  w i t h  25 k i lometers  o f  Ground Zero (GZ). The 

Environmental Research Corporat ion (ERc) p r e d i c t  ions o f  5% damped 

Pseudo Re la t i ve  Response V e l o c i t y  (PSRV) are a l s o  r e l a t i v e l y  h igh  

f o r  t he  maximum y i e l d  o f  60 k i l o t o n s ;  The p red ic t i ons  o f  response 

(PSRV) from maximum y i e l d  are always used i n  our  eva lua t ion  o f  

damage t o  prov ide  an upper l i m i t  o f  damage and t o  prov ide  an ade- 

quate sa fe ty  f a c t o r  w i t h  regard t o  the  sa fe ty  o f  personnel i n  the  

area. 

Moderate damage i s  p red ic ted  f o r  s t ruc tu res  w i t h i n  12 k i l omete rs  

where s t r u c t u r a l  response acce lera t ions  are p red ic ted  t o  be cor-  

respondingly h igh.  The damage e f f e c t  decreases w i t h  increas ing 

d is tance and w i t h  regard f o r  t he  type ,of s t r u c t u r e .  

Damage complaints may be received from distances as f a r  as per- 

c e p t i b l e  motion occurs (genera l ly  a t  ground acce le ra t i on  l e v e l  o f  

0.001g o r  more). 

P red ic t i ons  a r e  r e s t r i c t e d  t o  s t r u c t u r a l  damage r e p a i r  cos t  and 

do not  inc lude costs o f  i n t e r r u p t e d  serv ice ,  e t c .  

Spectra l  M a t r i x  Method c a l c u l a t i o n s  are i n  process but  a re  n o t  

y e t  c o ~ i ~ p l  eteci. 

- 24 -. 



SUMMARY OF DAMAGE PREDICTIONS 

( ~ a s e d  on ERC-predicted PSRV a t  maximum y i e t d  o f  60.0 k i l o t o n s )  

Distance & 
D i r e c t i o n  Estimated 
From GZ Damage 

Name - .- (km) Pred ic ted E f f e c t  x $1000 

Rul i'son Farms 

Grand Val l e y  

A n v i l  Po in ts  

Microwave 

Ranches 

Union Carbide 

Col l b ran  

R i f l e  

De Beque 

TOSCO 

Moderate damage 

Moderate damage 

Moderate t o  minor 
damage 

No damage 

Minor damage 

Minor damage 

Minor damage 

Minor damage 

Minor damage 

No damage 

Vega Dam 25 SE No damage --- 
R i f l e  Gap Dam 30 NE No damage --- 
S i l t  30 NE Minor damage 3.0 

Mesa 32 SW Minor damage 0.3 

Harvey Gap Dam 34 NE No p r e d i c t i o n  --- 
New Cast le  40 NE No damage 

Glenwood Springs 53 E No damage 

Grand Junct ion  62 SW No damage 

De l ta  77 s No damage --- 

J O H N  I. B L U M f  6. ~ S S O C I A T E $  A E S E L A C W  O l Y l S l O H  



CONDITION SURVEYS 

Based on our structural inventory of the area and the PSRV pre- 

dictions by ERC we have made a tentative selection of structures 

to be condition surveyed. The following is a partial listing of 

locations and the,types of structures which are under considera- 

tion at that location. Other structures will be surveyed as deemed 

necessary. Locations will be selected to include a sampling of 

cisterns. 

De Beque: 

Grand Valley: 

Rifle: 

Silt: 

New school (brick and concrete block) 

Old schodl (brick, abandoned 2 story) 

l OOF (wood frame, 2 story) 

Sinclair garage (concrete block, 1 story) 

Val ley Upholstery (2 bui ldings-plastered block) 

U.S. post office 

High School (brick) 

Residences (block, corner of Rai l road and Second) 

Moul ton Insurance Bldg. (2 story sandstone) 

Jeep building and adjoining Estes Trucking 

School (old stone 2 story with plastered exterior) 

School (new 2 story concrete block) 

School (old 2 story wood) 

Collbran Area: Congregational Church 

IOOF Hall 

Plateau Val ley School (brick) 

Mol ina: Post Off ice and store (masonry) 

Close-in-Areas: On Morrisania Mesa, Holmes Mesa and the Rul ison 

area within 10 kilometers of ground zero there 

are many ranches with structures of various 
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types such as l o g  cabins, wood frame s tucco .o r  

wood covered, concrete b lock  and stone. Repre- 

s e n t a t i v e  b u i l d i n g s  w i l l  be f i e l d  se lec ted f o r  

a c o n d i t i o n  survey. 

Anv i l  Points:  The o i l  shale research s t a t i o n  w i l l  have several  

s t r u c t u r e s  c o n d i t i o n  sbrveyed w i t h  movement re-  

cord ing  wax o r  p a i n t  placed on cracks i n  con- 

c r e t e  b lock  w a l l s  and o ther  vu lnerab le  l oca t ions .  

Grand Junct ion:  C i t y  Center Motel (2 s t o r y  b r i c k )  

Glenwood Springs: V i l l a g e  Inn 

t h  Delta: Church - NW cor; 7- & Howard 

Montrose: Memorial Hosp i ta l  

Cedaredge: Community Methodist Church 

Aspen :   iti is tory Apartment complex 

TOSCO: O i l  Shale Cracking Tower 

Meeker: R io  Blanco County Courthouse 



The map is not available in electronic format.  
Please email lm.records@lm.doe.gov to request the map.  
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